Makgeolli is a traditional Korean rice wine reported to have anticancer, antiinflammatory, and antioxidant effects. We developed an approach involving solvent extraction coupled with gas chromatography-mass spectrometry to determine four bioactive compounds, farnesol (FOH), squalene (SQ), and newly identified 4-vinyl guaiacol (4-VG) and 2,4-di-tert-butylphenol (DTBP), in makgeolli. The method was validated with the linearity, limit of detection, limit of quantification, intra-and inter-day precision, and accuracy. The validated method was then applied to several makgeolli, beer, and wine samples. 4-VG and DTBP were identified in all beverages, but FOH and SQ were only identified in makgeolli.
Introduction
Makgeolli is a traditional Korean rice wine brewed with nuruk, a fermentation starter that contains various microorganisms (yeast and fungi). During the fermentation process, saccharification of starches and alcohol occurs in parallel. [1] The primary constituents present in standard makgeolli include water (80%), dietary fiber (10%), alcohol (6-8%), protein (2%), carbohydrates (0.8%), vitamins, and organic acids. Accumulating evidence has revealed that makgeolli has various biological effects in vitro, suggestive of anticancer, anti-inflammatory, and antioxidant properties. [2] Animal studies have also demonstrated that oral administration of makgeolli elicits antitumor effects in a gastric tumor xenograft mouse model [3] and antioxidant activity in rat blood plasma. [4] Various bioactive compounds such as organic acids [5, 6] and polyphenols [7] have been identified in makgeolli, as well as several volatile compounds. Wang et al. showed that ethyl acetate and butanol fractions from a methanol (MeOH) extract of makgeolli exhibit antioxidant activity and identified volatile compounds including 4-hydroxybenzaldehyde, 2-(4-hydroxyphenyl)ethanol (tyrosol), and 1H-indole-3-ethanol using nuclear magnetic resonance and mass spectrometry (MS). [8] Farnesol (FOH) and squalene (SQ) have been identified and quantified in makgeolli using gas chromatography-mass spectrometry (GC-MS). [9] FOH is a sesquiterpene alcohol generated by plants and microorganisms and has been reported to exhibit anticancer [10] [11] [12] and anti-inflammatory [13] [14] [15] activities. SQ is a polyunsaturated hydrocarbon found in some fish and vegetable oils, and reportedly exhibits anticancer and antioxidant effects. [16] Recently, Ha et al. developed a stir-bar sorptive extraction (SBSE) method coupled with GC-MS for the quantification of FOH and SQ in makgeolli. [9, 17] Although SBSE is a sensitive and selective extraction method to analyze the functional ingredients present in makgeolli, specialized equipment including a thermal desorption system is required for the GC analysis. In addition, commercial coating materials available for stir-bars (polydimethylsiloxane and ethylene glycol) limit the extraction to either nonpolar or polar compounds, but not both simultaneously. Solvent extraction (SE) is a popular and straightforward extraction method used to separate compounds from solid and liquid samples using organic solvents, and can be easily performed in a laboratory without specialized analytical equipment. However, SE methods appropriate for simultaneous determination of new bioactive compounds recently identified in makgeolli have not been reported.
In the present study, we identified 22 volatile compounds using SE-GC/MS and selected two compounds, 4-vinyl guaiacol (4-VG) and 2,4-di-tert-butylphenol (DTBP), which have been reported to have specific bioactivity. We optimized the extraction solvent and validated the linearity, sensitivity, precision, and accuracy of the method for simultaneous analysis of 4-VG and DTBP and the known bioactive compounds FOH and SQ. The validated method was then applied to makgeolli, beer, and wine samples.
Materials and methods

SE procedures
Petroleum ether/chloroform/MeOH extraction Fifty milliliters of makgeolli sample was placed in a 250 mL centrifuge bottle and 100 mL of solvent mixture (petroleum ether:chloroform:MeOH = 2:2:1, v/v) and 3% NaCl (w/v) were added. The bottle was agitated with an automatic shaker (SR-2W, Taitec, Saitama, Japan) to extract the analytes from the sample for 30 min and then centrifuged for 5 min at 10,000 rpm. The organic phase (lower phase) was dehydrated using anhydrous sodium sulfate and filtered with filter paper (Whatman No. 1), before collection in a round flask. The extraction step was performed in triplicate. The solvent was then processed with a rotary evaporator and the residue was reconstituted in 1.5 mL ethyl acetate for GC-MS analysis.
MeOH/petroleum ether extraction Fifty milliliters of makgeolli sample was placed in a 250 mL centrifuge bottle and 100 mL of solvent mixture (petroleum ether:chloroform = 1:1, v/v) was added to the bottle. The bottle was agitated with an automatic shaker (SR-2W, Taitec, Saitama, Japan) for 30 min and centrifuged for 5 min at 10,000 rpm. The organic phase (upper phase) was dehydrated using anhydrous sodium sulfate and filtered with filter paper (Whatman No. 1), before collection in a round flask. The extraction step was performed in triplicate. The solvent was then processed in a rotary evaporator and the residue was reconstituted in 1.5 mL ethyl acetate for GC-MS analysis.
MeOH/chloroform extraction Fifty milliliters of makgeolli sample was placed in a 250 mL separation funnel and 100 mL of solvent mixture (MeOH:chloroform = 1:1, v/v) was added to the funnel. The separation funnel was then agitated with an automatic shaker (SR-2W, Taitec, Saitama, Japan) for 30 min and left for 24 h until the separation of organic and aqueous phases occurred.
Gas chromatography-mass spectrometry
Bioactive compounds present in makgeolli were analyzed with an Agilent 7890A gas chromatography instrument coupled with a 5975c quadrupole mass spectrometer (Agilent Technologies, Palo Alto, CA, USA). The separation was performed using a 5% diphenyl-95% dimethyl siloxane fused-silica capillary column (HP-5ms, 30 m, 250 μm i.d., 0.25 mm film thickness, Agilent Technologies, Middleburg, OI, USA). The carrier gas was helium at a 1.5 mL min -1 flow rate. The temperature of the GC injector was maintained at 250°C and the split ratio was set to 5:1. The GC oven temperature was programmed as follows: held at 100°C for 1 min; increased from 100°C to 220°C at 10°C min -1 for 12 min; ramped from 220°C to 290°C at 20°C min -1 for 3.5 min; increased from 290°C to 305°C at 10°C min
; held at 305°C for 5 min. The temperatures of the MS transfer line, ion source, and quadrupole analyzer were maintained at 280°C, 230°C, and 150°C, respectively. For tentative identification of the volatiles present in makgeolli, mass spectra were recorded using the full scan mode in the mass range between m/z 35 and 350, and the mass spectra were compared with data in the Wiley and NIST08 library databases. The identification of four compounds (4-VG, DTBP, FOH, and SQ) was confirmed by comparing the retention time and the mass spectra with those of the authentic standards. For quantification of these four compounds, selected ion monitoring (SIM) mode was used. The selected ions for the four compounds for SIM mode were as follows 
Method validation
The linearity, accuracy, sensitivity, and precision were evaluated for validation of the SE/GC-MS method. The linearity 4-VG, DTBP, FOH, and SQ was calculated as coefficient of determination (r 2 ) values at five to six points of varying concentrations of the standards for each compound. The accuracy of the method was evaluated with a recovery test. Five or fifty micrograms of each analyte was spiked with makgeolli sample, and the fortified samples were subjected to extraction and GC-MS analysis. The recovery (%) of each analyte was calculated using the following equation:
where C f is the concentration of fortified samples, C u is the concentration of unfortified samples, and C a is the concentration of analyte added.
The sensitivity of the method was determined by limit of detection (LOD) and limit of quantification (LOQ) values. The LOD and LOQ values were calculated with the equations as follows: LOD = 3.3σ/s; LOQ = 10σ/s (σ = standard deviation of response (n = 6); s = slope of calibration curve). [18] The precision was evaluated by measuring intra-and inter-day repeatability. The standard solutions at three different concentrations for each analyte were injected into GC-MS analysis six times consecutively for the intra-day assay, and once daily for 3 days for the inter-day assay.
Results and discussion
Selection of extraction solvents
To select the optimal solvents for extraction of the volatile compounds present in makgeolli, we first evaluated the MeOH/dichloromethane (1:1, v/v) and MeOH/chloroform (1:1, v/v) mixtures as extraction solvents. These two solvent mixtures could not separate the aqueous and organic phases after 24 h due to extensive emulsion formation. It appears that some emulsifying factors including proteins, fatty acids, and phospholipids contribute to emulsion formation. [19] To reduce the contact area between the aqueous and organic phases, we selected the more hydrophobic solvent petroleum ether, and then chloroform and dichloromethane, and evaluated the mixture of petroleum ether/ MeOH (1:1, v/v) as extraction solvents. This solvent mixture clearly separated the aqueous and organic phases. The organic phase was concentrated and subjected to GC-MS analysis, and 22 compounds (14 fatty acids, 1 fatty alcohol, 3 esters, 3 phenolic compounds, and diethyl succinate) were tentatively identified (data not shown). Among these compounds, 4-VG, a 4-vinyl derivative of hydroxycinnamic acid, has been reported to exhibit antioxidant [20, 21] and anti-inflammatory [22] properties. In addition, DTBP (an alkylated phenol) has been reported to exhibit antioxidant activity in vitro and in vivo. [23, 24] To extract FOH, SQ, 4-VG, and DTBP simultaneously, we used the chloroform/petroleum ether/MeOH (2:2:1, v/v) mixture and successfully identified all of the compounds. Notably, 4-VG and DTBP in makgeolli were the newly identified compounds in this study.
Method validation
The method for analysis of the four bioactive compounds (DTBP, 4-VG, FOH, and SQ) from makgeolli was validated for linearity, sensitivity, accuracy, and precision.
Linearity, LOD, and LOQ
To assess the linearity of the method, different concentrations of the standard solutions for each compound were used. The chromatography results for the standard solutions are shown in Fig. 1 . The standard solutions were injected into the GC-MS machine six times consecutively, and the linearity of each compound was calculated as the correlation coefficient (r 2 ) by regression analysis. All compounds showed high linearity with r 2 values higher than 0.99. The LOD and LOQ values for the method involving the four compounds were calculated as described in the "Materials and methods" section and ranged from 2.7 to 25.3 and 8.2 to 76.8 ng mL , respectively (Table 1) .
Repeatability
To evaluate the repeatability of the SE/GC-MS method, we performed an intra-and inter-day precision test. For these tests, the standard solutions of four compounds at three different concentrations were injected into GC-MS analysis six times within the same day or three times each day for three consecutive days. The intra-day precision for the four compounds ranged from 0.69% to 4.82%, and the intra-day precision ranged from 0.72% to 9.36% (Table 2 ). 
Accuracy
To assess the accuracy of the SE-GC/MS method, we performed a recovery test for the four compounds. Two different concentrations (100 and 1000 ng mL −1 ) of standard solutions for the four compounds were spiked and the recovery was calculated as described in the "Materials and methods" section. The recovery of the four compounds ranged from 88% to 114% and from 99% to 117% at 100 and 1000 ng mL −1 of the spiked concentrations, respectively (Table 3 ).
Application to various alcoholic beverage samples
To test the applicability of the SE-GC/MS method in other alcoholic beverage samples, we determined the concentrations of 4-VG, DTBP, FOH, and SQ in makgeolli, beer, and wine samples. The chromatograms obtained by SIM are shown in Fig. 2 . The concentration of 4-VG ranged from 72 to 1977 ng mL −1 (except for the unquantified sample 3), from 120 to 871 ng mL −1 , and from 101 to 283 ng mL −1 in makgeolli, beer, and wine, respectively. The concentration of DTBP ranged from 33 to 102 ng mL −1 , 38 to 50 ng mL −1 , and 26 to 49 ng mL −1 in makgeolli, beer, and wine, respectively. The FOH and SQ were quantified at concentrations of 21-150 ng mL −1 and 1260-4561 ng mL −1 in makgeolli, respectively, but not detected in beer or wine (Table 4) . It has been reported that 4-VG is formed from ferulic acid, which is an abundant hydroxycinnamic acid present in cereal grains, and emerges during yeast fermentation and can be determined at concentrations of 0.15-4.10 μg mL -1 in beers by HPLC analysis. [25] The levels of 4-VG in wines have been reported at between 0 and 0.50 μg mL -1. [26] The relatively higher concentrations of 4-VG in makgeolli and beer compared to wine are likely due to the difference in the starting materials (cereal grains vs. grapes). In addition, the volatile antioxidant DTBP has been identified in some plants including sweet potato [23] and pomegranate [27] , and appears to be present in the raw plant materials used to produce makgeolli, beer, and wine. In previous studies, FOH and SQ were quantified at concentrations of 26-142 ng mL −1 and 513-7431 ng mL −1 using the SBSE/GC-MS method, respectively. FOH is present at concentrations below 4 ng mL −1 in beer and wine. [9, 17] The saccharification of starches in makgeolli likely provides the precursor sugars such as glucose required for the biosynthesis of FOH and SQ. [2, 28] Although our SE-GC/MS method did not detect FOH or SQ in beer or wine, which may be present in very low amounts, we successfully identified measurable levels of these compounds in makgeolli samples using our newly developed method.
Conclusion
In summary, we have developed a novel SE-GC/MS approach for the analysis of the four bioactive compounds 4-VG, DTBP, FOH, and SQ in makgeolli. This analytical method showed good linearity, sensitivity, accuracy, and repeatability in validation tests. FOH and SQ were identified only in makgeolli but not in beer or wine. DTBP was quantified in all liquor samples, and 4-VG was quantified in makgeolli and beer at higher concentrations than in wine. These findings suggest that the SE-GC/MS method can be used as a simple and sensitive technique to analyze these four bioactive compounds present in makgeolli without the need for specialized analytical equipment.
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